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Abstract 
The CO2SINK Integrated Project aims at in-situ testing of geological storage of CO2.in a saline aquifer. A field laboratory is 
developed with one injection well and two observation wells (50 m and 100 m distance). Focus of the project is on monitoring 
the fate of the injected CO2 using a broad range of geophysical, geochemical and microbiological techniques. Injection of CO2 in 
a depth of approximately 650 m started end of June 2008 and arrival has been determined in the nearer observation well as 
expected and predicted after an amount of 531 t CO2.  
© 2008 Elsevier Ltd. All rights reserved 
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1. Introduction 
The CO2SINK (CO2 Storage by Injection into a Natural Saline Aquifer at Ketzin) integrated project aims to 
advance the understanding of the science and practical processes involved in underground storage of CO2 to reduce 
emissions of greenhouse gases to the atmosphere (Borm & Förster, 2005). The consortium running this EU project 
consists of 18 partners from universities, research institutes, and industry out of 9 European countries 
(www.co2sink.org). The project is coordinated by the German Research Centre for Geosciences (GFZ). It is the first 
demonstration project for on-shore CO2 storage in Europe. 
The storage site near the town of Ketzin, close to Berlin in Germany, includes industrial land and infrastructure 
which make it suitable as a testing site for underground injection of CO2 into a deep saline aquifer. The operation of 
the CO2 underground storage is regulated under German law according to the legislation of mining from the state of 
Brandenburg. 
The project runs since April 2004 and up to now much of the effort has been directed to the approval procedure 
and the operational work at the site in Ketzin – drilling of wells, coring and logging, installation of downhole 
monitoring tools and building up the injection facility. Spreading of the CO2 plume is and will be monitored by a 
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broad range of physical, chemical, and microbiological techniques. After extensive geological site characterization, 
preparation of injection, hydraulic testing of the reservoir the installed subsurface in-situ field laboratory is in use 
since end of June 2008 as described in the following. 
 
2. Preparation of CO2 Injection 
From March to September 2007 one injection well and two observation wells were drilled to a depth of 750 m to 
800 m at a distance of 50 m to 100 m from each other (Fig. 1). Details of the drilling procedure are given by 
Prevedel et al. (2008) and within this volume. The used mud gas analyses procedure, described by Erzinger et al. 
(1996), show very low gas concentrations in the storage horizons. The wells were completed as “smart” wells 
containing a Distributed Temperature Sensor optical cable (DTS – e.g. Henninges et al., 2008) and 45 Electrodes 
(ERT array) of permanently installed downhole sensors, which have proven their functionality during the baseline 
surveys. They are key instruments for continuous monitoring of the CO2 inside the reservoir during the storage 
phase. Constructing three wells in close distance with a large number of sensors and cables requires detailed 
planning and high-end project management tools, such as drilling well on paper, hazardous operation identification, 
repeated incident reporting, post job analysis, and risk management. All wells were cased with stainless final casings 
equipped with wire wound filters in the higher permeable zone of the reservoir and wired on the outside with two 
fibre-optical, one multi-conductor copper, and a PU-heating cable to the surface. The reservoir casing section is 
externally coated with a fibre-glass-resin wrap for electrical insulation of the 15 geo-electrical antennas in the open 
hole section. A staged cementation program was selected in combination with the application of a newly developed 
swellable rubber packer technology and a stage cementation down-hole tool (Prevedel et al, 2008).  
 
 
Fig. 1 Overview of Ketzin Site, summer 2007 
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3. Geological Site Characterization 
The target reservoir for CO2 storage at Ketzin is the Stuttgart Formation of Triassic age (Förster et al., 2006). It 
has a thickness of 80 m with sand channels measuring up to 20 m. Temperature of the formation is around 35 °C at 
the depth of injection of approximately 650 m. The reservoir characterization was updated by cutting and core 
analysis from the three wells, petrophysical well logs, and hydraulic testing of the formation. The formation consists 
of siltstones and sandstones interbedded by mudstones deposited in a fluvial environment. The site exploration 
encompassed investigations at different scales prior to and after the drilling of the wells. Förster et al. (2008 – this 
volume) show results from the integration of past and new exploration data used to delineate (1) the freshwater 
aquifer / aquitard system and the flow conditions that would alter the water chemistry in the case of CO2 leakage and 
(2) the local geological structure including fault systems that could act as fluid conduits during storage. Further, 
porosity, permeability, and mineralogical composition of the CO2 reservoir and caprock formations were studied by 
a series of laboratory investigations covering routine and special core analyses, including the measurement of 
porosity, gas and brine permeability, CO2-water relative permeabilities and XRD, XRF, and EMPA (Förster et al., 
2008 - this volume).  
A 3D reflection seismic survey was performed in 2005 at Ketzin to image the geological structure of the site 
down to depths of about 1,000 m. In order to obtain better images of the near surface, 3D traveltime tomography 
was applied on data near the top of the Ketzin anticline, where faulting is present. Details of the data processing and 
interpretation are described by Juhlin et al. (2007). An important question was how far these faults extend from 
depth into the near surface. Seismic interpretation indicates that at least one east-west striking fault zone observed in 
the reflection data may extend into the Tertiary unit.  
 
4. Hydraulic Testing and Stimulation of the Reservoir 
A number of production, injection, and slug tests were conducted at all three wells. Test objectives were to derive 
the test zone permeability, the static formation pressure, clean-up of wells, and the procurement of water samples. In 
addition the hydraulic situation in the well bore vicinity was of special interest. The downhole pressures and 
temperatures were recorded with various sensors. The tests revealed formation productivities of around 0.04 m3 day-
1
 kPa-1 and 0.06 m3 day-1 kPa-1. Based on the thickness of the permeable zones of the formation this calculates to 
permeabilities between 40·mDarcy (0.04·10-12 m2) and 80·mDarcy (0.8 10-12 m2) for the reservoir.  
The near borehole formation permeability derived from the injection tests was three orders of magnitude lower in 
the injection well than the permeability derived from the production tests. The observed difference in permeability 
indicated borehole and / or formation damage. After lifting of about 100 m3 formation water with nitrogen the 
injectivity was increased to the value to be expected from the production tests. Formation of a filter cake during 
drilling und reduction of sulfate due to microbiological processes are regarded as the main reasons for the 
temporally loss of injectivity in the injection well. 
 
5. CO2 Injection 
The injection of CO2 started in June, 30th 2008. A maximum of about 60,000 t CO2 will be injected. The total 
amount is going to be adjusted during storage according to scientific and site specific requirements. CO2 from an 
industrial gas supplier is used for the first injection phase at the Ketzin site. It is delivered to the site by trucks in a 
cooled, liquefied state and gasified at the injection facility and heated to formation temperatures. 
To reduce the risk of halite scaling due to desiccation of the highly saline formation brine by the CO2 a 6 % KCl 
slug was injected prior to the gas injection. The relatively high KCl concentration was chosen to reduce negative 
effects of the slug on the geo-electric monitoring. Within the slug different tracers (fluorbenzoic acid and 
naphthalenedisulfonic acid) were injected to enhance the monitoring program and to learn more about the effective 
porosity and inner surface of the reservoir and to better understand the migration of CO2 within the reservoir.  
The injection facility consists of 5 main plunger pumps (0…1,000 kg h-1), a heating device (305 kWel.) and two 
intermediate storage tanks (50 to, each). One additional smaller pump has been installed to allow for smaller 
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injection rates (around 300 kg h-1). The facility is designed to implement a CO2 stream of 300 kg h-1 to 3,250 kg h-1 
(200 kg h-1 stepwise) at 50 °C at the heater outlet, resulting in a maximum amount of 78 to per day. An overall 
control and automation system is in place for steering the entire injection process and monitoring the relevant 
parameters (i.e. CO2 flow, temperature along the injection string, pressure data from the formation and the wellheads 
etc.). All emergency shut-down (ESD) functionality is software independent and has been certified by local 
authorities and technical control boards. 
The CO2 flux is measured near to the injection well using a corelois gas flow meter. The well head and the annuli 
pressures of all three wells are recorded using pressure transducers connected to the overall control and automation 
system. In the injection well the temperature and pressure is monitored also near to the reservoir formation using a 
fibre optical pressure and temperature sensor. Further, the fibre optical cable is used to record the temperature of the 
CO2 in the injection string, as this additional cable is mounted in direct contact to the injection string. Following the 
same standards in the oil and gas industry, surface and subsurface safety valves are installed. They are operated 
independently from the control and automation system with a hydraulic single well control panel. 
Part of the project is to study optimum injection conditions while reducing the required electrical heating power and 
reducing the risk of thermal stresses between different parts of the technical installation and the surrounding 
formation. Air heater devices will be deployed to significantly reduce the required electrical power for gasification. 
 
6. Monitoring CO2 Migration - Baseline Measurements and first Results 
The CO2 is injected in the supercritical state, but reservoir pressure and temperature conditions in a certain 
distance from the injection well will lead to gaseous CO2 without phase transition. The injection and migration of 
CO2 is monitored to develop the best practice in planning, performing, and abandoning wells within geological 
storage projects and to advance the understanding on subsurface processes. This experiment provides the unique 
opportunity to independently test different reservoir models and to better constrain reservoir and fluid behavior 
during and after CO2 injection of significant amounts of CO2.  
A variety of geophysical (Fig. 2), geochemical and microbiological methods are applied to characterize the 
storage reservoir before and during injection. Seismic monitoring includes 3D surface measurements before start of 
injection (baseline) and repeat measurements after the injection. In addition, Vertical Seismic Profiling (VSP), 
Moving Source Profiling (MSP), and crosshole seismic tomography are applied at shorter time intervals in order to 
image CO2 migration during injection. Injection of CO2 was already interrupted for two times for cross-hole seismic 
experiments. 
The high electrical conductivity of the saline brine in comparison to the low conductivity of CO2 allows using 
electrical resistivity as a sensitive CO2 saturation probe. Hence, geo-electrical measurements are applied in 
combination with laboratory investigations under in situ conditions for calibration. The measurements are carried 
out using 15 circular electrodes distributed along the casing in each of the three Ketzin wells. The electrodes are 
fixed to the casing at 10 m depth intervals. Electrical surface-surface and surface-borehole measurements extend the 
imaging to regions not covered by the three wells. For details see Giese et al. (this volume). 
Temperature is an important parameter to determine if CO2 is in the gaseous, fluid or supercritical state. 
Distributed Temperature Sensing (DTS) is carried out using permanently installed fiber optic cables behind the 
casings of the wells. An electrically insulated cable has been deployed for active heating in the injection well. The 
measurements began after cementation and have been performed since then almost continuously. The measurements 
allow for in-situ observations of fluid flow, due to the different heat transport capacity of fluids and solid rocks. The 
effect is enhanced if additional electrical heating is used as a defined additional heat source (Freifeld et al., 2007) 
For details of the smart casing see Giese et al. (this volume).  
A fiber optic pressure sensor is being deployed for real-time measurements of the wellbore pressure and 
temperature in the injection well close to the horizon into which CO2 is injected. The fibre optical cable connected to 
the sensor is used as an additional temperature sensor allowing to monitor the temperature evolution due to the 
injection of heated CO2. As this optical fibre is installed in direct contact to the injection string, and the additional 
DTS cable of the smart casing is mounted outside, this combination allows for heat flow measurements into the 
formation using the injected CO2 as heat source. 
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Geophysical measurements provide indirect information on physico-chemical processes in the reservoir. 
Therefore, laboratory investigations in combination with in situ observations of gas composition in deep boreholes 
are particularly important to characterize natural fluids and processes in the reservoir. State-of-the-art technologies 
are expensive and complicated and provide limited sampling opportunities. Therefore, a Gas Membrane Sensor 
(GMS) has been developed, which continuously detects, analyzes and samples gases in deep boreholes. Two of 
these GMS units have been deployed in the observation wells for a continuous monitoring of the gas composition. 
Sixteen days after injection started, the GMS monitored the arrival of CO2 at the first observation well after an 
amount of 531 to of CO2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Overview of installations and monitoring activities at the Ketzin site. 
 
The monitoring of CO2 injection is complemented by geochemical and microbial investigations. Before and 
during injection downhole samples of fluids were taken to monitor changes in the fluid composition and the 
biocenosis. Molecular biological methods (DNA fingerprinting analyses, FISH) are applied in order to investigate 
processes involving the injected CO2, the rock substrate, the formation fluid and the microorganisms. The microbial 
community of fluid samples was investigated using PCR-SSCP method (Single-Strand-Conformation 
Polymorphism) and FISH (Fluorescent In Situ Hybridisation).  
About 104-105 cells ml-1 fluid were detected in downhole samples before lifting. The biocenosis was dominated 
by the anaerobic haloalkaliphilic fermentative bacteria, coinciding with reduced conditions and high salinity in the 
deep biosphere, and the sulfate reducing bacteria (SRB), which corresponds with the observed acetate concentration, 
the iron sulfide formation and the decrease of sulfate concentration in the near well bore area. Furthermore, FISH 
revealed decreasing of SRB amount in fluid samples before and after N2 lift, what indicates the effectivity of the 
well lifting technique for the drill mud removal, which served as a potential substrate for microorganisms to produce 
iron sulfide. 
 
 
F. Schilling et al. / Energy Procedia 1 (2009) 2029–2035 2033
6 Schilling et al. / Energy Procedia 00 (2008) 000–000 
7. Dynamic Modeling  
The numerical models are continuously updated with respect to updated geological models as described in the 
geological site characterization section. The main result of the predicted plume evolution were the CO2 arrival times 
at the observation wells to support monitoring planning and setup. The predicted arrival times of different models 
are in good agreement with observations. The differences are used to optimize the fluid flow models and to better 
understand the two phase fluid flow within the reservoir. 
Predictions for temperature evolution at the observation wells to support Distributed Temperature Sensing (DTS), 
predictions of pressure increase at the caprock to support risk assessment and predictions of CO2 plume evolution 
velocity to support cross-hole seismic monitoring and to estimate storage capacities (Kopp et al., this volume) were 
developed. The possible effects of halite precipitation in the well-near region and possible formation clogging were 
studied for different relative permeability and capillary pressure relations for the CO2-brine system (Muller et al., 
this volume). The models on halite scaling led to a KCl slug to reduce the risk of clogging in the near well area.  
 
8. Summary and Outlook 
The CO2SINK Integrated Project aims at in-situ testing of geological storage of CO2 in a saline aquifer with the 
help of a field laboratory set-up with one injection and two observation wells at the location of Ketzin close to 
Berlin and Potsdam. The project commenced in 2004 with the site characterization and the preparation of the CO2 
injection. Injection is conducted since the end of June 2008 in a formation at a depth of around 650 m. Until the end 
of November 2008 an amount of 4,500 to of CO2 was injected. Arrival of CO2 within the first observation well 
(distance of 50 m from injection point) was detected after 531 to. Within the second observation well (distance of 
100 m from injection point) CO2 is not detected until now. A maximum of about 60,000 t CO2 will be injected 
during the run time of the project. So far the injection proceeds well with the chosen rates at a pressure increase 
below the maximum values allowed by the mining authorities. 
Major focus of the project lies on the extensive application and development of various geophysical, geochemical 
and microbiological monitoring technologies to provide a holistic view of the CO2 storage within a deep saline 
aquifer. Final aim is to produce a four dimensional (temporal development in three spatial dimensions) tomography 
of the underground.  
Our preliminary results of the geophysical monitoring of the evolution of the CO2 plume over time and space 
indicate that the CO2 migration within the aquifer is in accordance with the modeled behavior. The arrival of CO2 
was detected by geochemical measures in one of the installed observation wells in the order of magnitude predicted. 
Geochemical and biological examinations helped to enhance the injectivity and to better understand the processes 
within the reservoir. 
Joint interpretations will follow within the framework of CO2SINK. Numerical models and risk assessment 
strategies are going to be benchmarked via the monitoring results. The geological and the numerical models are 
routinely updated. Monitoring activities will continue and abandonment strategies will be tested. 
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